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ABSTRACT 
This report summarizes the work conducted under this grant 
during the past year. Included are summaries of the results of the 
CW lunar Doppler experiment and the lunar two-frequency experi- 
ment. 
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FINAL SUMMARY REPORT 
I .  INTRODUCTION 
The investigations under this  gran t  have been d i rec ted  toward 
(1)  determining what information can  be obtained about the physical 
cha rac t e r i s t i c s  of r emote  sur faces  ( e .  g. ,  p lanetary and lunar  s u r -  
f aces )  by r a d a r  methods,  and ( 2 )  obtaining exper imenta l  r e su l t s  which 
s e r v e  both to  ve r i fy  theoret ical  results of ( 1 )  above and t o  provide 
information about the lunar  sur face .  Work under  ( 1 )  completed du r -  
ing the preceding y e a r  and given in  r epor t s  number 1388-17, 18 and 
19 (References  15,  16, 17) was  extended to include bis ta t ic  s ca t t e r ing  
f r o m  stat is t ical ly  rough sur faces .  The r e su l t s  of the exper imenta l  
s tud ies ,  completed during the pas t  y e a r ,  a r e  given in  r e p o r t s  1388-22, 
24 (References  20 and 22) and a r e  s u m m a r i z e d  i n  this  r e p o r t .  
review of rough sur face  analysis i s  given in  r epor t  1388-26 (Reference  
24 ) .  
A 
11. THEORETICAL STUDIES 
During the preceding year  under  this  grant  a significant con- 
t r ibut ion 
w a s  preser*ted in  r e p o r t s  number 1388-17, 18 and 1 9  (References  15, 16 
and 1 7 ) .  
s c a t t e r .  
to  include bis ta t ic  sca t te r ing .  
in  r epor t  1388-25 (Reference 23) .  
to the theory of sca t te r ing  f rom stat is t ical ly  rough su r faces  
The theory at  that  time was  r e s t r i c t e d  to the c a s e  of back- 
During the pas t  yea r  the theory was  improved and extended 
The r e su l t s  of these effor ts  a r e  found 
DI EXPERIMENTAL STUDIES 
A. Doppler Spectrum Experiment  
Analysis of the data  which w e r e  acquired during the preceding 
In y e a r  was  completed.  
s u m m a r y  i t  was  concluded that the luna r  RMS sur face  slope at  a wave- 
length of 13.2 c m  i s  about 1 5 " ;  the lunar  c r o s s  section i s  approxi- 
ma te ly  6 p e r  cent for  d i r ec t  ( l inear )  polar izat ion and about 0 .4  p e r  cent  
f o r  c r o s s  polar izat ion (both 3 3 dB); and the  average  d ie lec t r ic  constant 
of the moon ' s  sur face  is c :c 2.6. 
The resul ts  a r e  repor ted  in  Reference 2 0 .  
By m e a n s  of the comparison ( F i g .  1) of the exper imenta l  back- 
sca t t e r ing  p a r a m e t e r  with values der ived  theoret ical ly  in  Reference 16, 
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F i g .  1 .  Comparison of exper imenta l  backsca t te r ing  p a r a m e t e r ,  
y ( a ) ,  with theore t ica l  predict ions.  
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I .  
i t  was  concluded that  the modified B e s s e l  joint  probabili ty densi ty  
function is a m o r e  accu ra t e  model f o r  the descr ip t ion  of the lunar  
su r face  than is the m o r e  fami l ia r  Gaussian joint  probabili ty densi ty  
function. 
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B Two-Frequency Experiment  
Reference  17 desc r ibes  a "two-frequency exper iment"  which is 
designed to  obtain e s t ima tes  of the R M S  height of a remote  rough s u r -  
f a c e .  Unlike the effective RMS su r face  s lope,  which has  been shown 
both experimental ly  (F ig .  2)  and theore t ica l ly  (Reference  16) to  be a 
function of wavelength, the RMS sur face  height is essent ia l ly  independ- 
ent  of the examining wavelength, depending p r i m a r i l y  on the RMS height 
of the l a r g e s t  s ca l e  s t ruc tu re .  
WAVELENGTH (cm) 
F i g .  2 .  Effective RMS su r face  s lope as a function 
of wavelength. 
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Data w e r e  acquired during the preceding y e a r  in  an at tempt  t o  
ve r i fy  the theory of the ' ' two-frequency" expe r imen t .  
exper imenta l  configuration did not cor respond exactly to that  p re sc r ibed  
in  Reference 17  and only a s m a l l  amount of da ta  w a s  taken, it i s  felt  
that  the r e su l t s  that w e r e  obtained do tend to confirm the e s sen t i a l  
c o r r e c t n e s s  of the ideas  behind the two-frequency exper iment .  The 
I I  enhanced" cor re la t ion  function Pexp(Aku) = 
pxy(Af) is the cor re la t ion  coefficient of the two s igna ls ,  R is the rad ius  
of the moon and Ak = 2rrAf/c, with Af the f requency separa t ion  of the 
s ignals  and c the velocity of light, i s  plotted in F ig .  3 .  
ing Pexp(AkU) with r e spec t  to an es t imated  "init ial  value" of 0.84, the 
exper imenta l  resu l t s  can  be compared  ( F i g .  4) with the t h e ~ r e t i c a l l y ' ~  
predicted behavior .  It i s  seen  that the normalized,  enhanced cor re la t ion  
function r eaches  half i t s  ini t ia l  value a t  a frequency separa t ion  of about 
60 kHz which cor responds ,  according to  the relation19 2u2 Ak2 = 0.693, 
to  an RMS surface height, CT, of about 500 m e t e r s .  
Although the 
pxy(Af) where  
After no rma l i z -  
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IV.  SUGGESTIONS FOR FUTURE WORK 
The preceding sec t ions  of this  r e p o r t  desc r ibe  a number  of 
advances in the understanding of the problem of studying p lane tary  
su r faces  by r a d a r  methods .  T h e r e  a r e ,  however ,  two areas in  which 
f u r t h e r  w o r k  could profitably be under taken .  
The f i r s t  i s  undoubtedly a repet i t ion of the two f requency  expe r i -  
ment ,  with equipment sui table  f o r  predetect ion co r re l a t ion  measure- 
men t s  o v e r  a l a r g e r  range of f requency sepa ra t ion  (out  to, s ay ,  
Af = 120 K C ) .  It would be des i r ab le  to  u s e  a c a r r i e r  f requency no h igher  
than a few GHz, s ince  i t  is not known by how much  the noise  due to  the 
diffuse component of the lunar  s ca t t e r ing  m a y  reduce  the observable  
co r re l a t ion  between the two frequency components .  
The second area where  f u r t h e r  s tud ies ,  both theore t ica l ,  are 
needed, is i n  the in te rpre ta t ion  of the sca t t e r ing  p rope r t i e s  of r emote  
s u r f a c e s .  
development of the two frequency method ( i  . e . ,  t o  include post  detect ion 
co r re l a t ion  exper iments ,  non-physical opt ics  s u r f a c e  mode l s ,  e tc  .), 
but a l so  s tudies  of the s ingle  frequency expe r imen t .  
Such s tudies  would include not only f u r t h e r  theore t ica l  
F o r  example,  p r e s e n t  in te rpre ta t ion  of the luna r  su r face  i s  based  
on an a r b i t r a r y  division of the observed  c r o s s - s e c t i o n  into two compon- 
en ts ,  a f u r t h e r  s epa ra t ion  of each  component into a d i rec t iv i ty  and a 
ref lect ivi ty  fac tor ,  with the reflectivity given by a s imple  n o r m a l  
incidence Fresnel coefficient.  Such a procedure  i s  known to give 
inconsis tent  r e su l t s  fo r  t e r r e s t r i a l  su r f aces ,  ye t  is the b a s i s  f o r  the 
study of the diffuse component, in  pa r t i cu la r ,  ( i . e . ,  r e t u r n  f rom s u r -  
faces  with multiple s ca t t e r ing  o r  s ca t t e r ing  f rom edges and cusps )  is 
needed to  re la te  the observed  sca t t e r ing  to the geomet r i ca l  and di-  
e l ec t r i c  p rope r t i e s  of the s u r f a c e .  Of pa r t i cu la r  i n t e r e s t  h e r e ,  f o r  
example,  would be  the u s e  of the depolar ized component as a diagnostic 
of su r f ace  roughness ,  o r  the in te rpre ta t ion  of compound s u r f a c e s ,  where  
the ques t ion  of i n t e r e s t  i s  the relat ion between the f rac t ion  of a to ta l  
su r f ace  covered by a given p r o c e s s ,  and the ove ra l l  s ca t t e r ing  pa t t e rns .  
In sho r t ,  the apparent  s u c c e s s  of the s ing le - sca t t e r ing  physical  opt ics  
approximation should not b e  allowed to obscu re  the fac t  that  many s u r -  
faces  cannot be handled that  way, and that  much  study of o the r  s c a t t e r -  
ing mechan i sms  m u s t  be c a r r i e d  out be fo re  the p rob lems  of r emote  
sens ing  by r a d a r  a r e  solved.  
accepted" value of the luna r  d ie lec t r ic  constant .  It i s  c l e a r  that  a I 1  
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